This study was performed to determine whether oxytocin or vasopressin affect the transport of spermatozoa from the epididymis of rams in vivo. Under general anaesthesia, cannulae were inserted into each ductus deferens and passed into the cauda epididymis of 24 Oxford Down cross rams and the luminal fluid was collected at 10 min intervals for 2\p=n-\3h. Animals were divided into seven groups and received either (i) 2 ml 0.9% saline, (ii) 10 pg oxytocin, (iii) 100 pg oxytocin, (iv) 100 pg oxytocin antagonist, (v) 300 pg oxytocin antagonist followed by 100 pg oxytocin, (vi) 
Introduction
Control of sperm transport provides a potential method for manipulation of the number of spermatozoa and hence fertility. Transport of spermatozoa through the epididymis relies on regular peristaltic-like contractions of the epididymal duct wall, rather than upon the inherent motility of spermatozoa (Bedford, 1975) . Although the caput and corpus epididymides have very few adrenergic terminals (El-Badawi and Schenke, 1967) , the cauda epididymis has a rich adrenergic innervation, and stimulation of these neurones results in contraction of the duct (Knight, 1974) . Furthermore, disruption of the sympathetic supply to the cauda epididymis results in a reduction in the rate of transport through the cauda epididymis (Ricker and Chang, 1996) . Even within the cauda epididymis, it is clear that other factors may regulate contractility.
The neurohypophysial peptide oxytocin is one of these factors. Oxytocin increases contractions of the epididymis in vitro (Hib, 1974) and in vivo (Knight, 1974) . Oxytocin has a summative effect when administered with adrenaline and, while the effects of adrenaline are inhibited by adrenergic blocking agents, these drugs have no effect on oxytocin stimulated contractions (Knight, 1974) . Oxytocin also increases the number of spermatozoa and the volume of ejaculate in various species of animal (Milovanov et al, 1962; Knight and Lindsay, 1970; Kihlstrom and Agmo, 1974) . Oxytocin also increases the transport of spermatozoa through the ductus deferens (Ewy et al, 1963; Bielanski and Ewy, 1966) , but whether this is due to altered epididymal transport remains to be elucidated. Oxytocin is present in the contractions in rams and rabbits (Kihlstrom and Agmo, 1974; Knight, 1974) , although higher doses of vasopressin are required to produce a similar effect to oxytocin. Plasma concentrations of vasopressin also increase during coitus in rams (Sharma et al, 1972) . Receptors for both oxytocin and vasopressin have been identified in the pig epididymis (Maggi et al, 1987) and oxytocin receptors have been localized to the epithelial and stromal tissue of the primate epididymis (Einspanier and Ivell, 1997; Frayne and Nicholson, 1998 
Plasma oxytocin concentrations
Venous blood samples were taken from rams in groups 2 and 3 to investigate whether the doses of oxytocin given produced circulating concentrations of the peptide that were within the normal physiological range. Samples were taken before, and 2 and 10 min after administration of the peptide. Oxytocin was extracted from the plasma using C18 ODS cartridges (SepPak, Waters Corporation, Milford, MA) (Nicholson et al, 1991) . Oxytocin concentrations were measured as described by Nicholson et al (1994) . All samples were assayed at one time. The limit of detection was 5 pg ml-1 and the intra-assay coefficient of variation was 6.8%.
Statistical analysis
Data from each epididymis were subjected to two-way analysis of variance with respect to treatment (that is oxytocin, vasopressin or oxytocin antagonist) and time (before and after treatment), in a repeated measures model. 
Results
Effects ofoxytocin and an oxytocin antagonist
Fluid output from the cauda epididymidis. There were statistically significant (P < 0.01) differences among treatment groups and with time in the rates of fluid flow (P < 0.01) from the cauda epididymidis after the administration of peptide. Treatment with saline (group 1) had no effect on the mass of fluid collected per 10 min period from the cauda epididymidis (Fig. la) . Oxytocin at both concentrations increased fluid output (Fig. lb,c (Fig. lc) . Treatment with the oxytocin antagonist had no immediate effect upon fluid output, but significantly (P < 0.05) reduced output 40-50 min after administration of the peptide (Fig. Id) .
Total output of spermatozoa. There were also statistically significant (P < 0.01) differences in the time course of changes in the number of spermatozoa passing from the cauda epididymidis and among treatment groups (P < 0.01). There were no significant differences (P > 0.10) in the number of spermatozoa produced per 10 min after saline treatment (group 1). Thus, in control rams, the output of spermatozoa remained constant throughout the experiment (Fig. 2a) . Treatment with 10 pg oxytocin (group 2) signif¬ icantly increased the total sperm output after treatment ( < 0.05), but because of large variation among samples only the total number of spermatozoa produced during the second 10 min period after administration of the peptide was significantly (P < 0.05) different from values in control animals (Fig. 2b) . Administration of 100 pg oxytocin (group 3) produced a significantly (P < 0.01) greater and more sustained increase in the total number of spermatozoa (Fig.  2c) (Fig. 2d) Motility. Although a proportion of the spermatozoa in each aliquot studied was progressively motile, there were no significant differences in the motility of the spermatozoa collected during any of the experiments (Fig. 3) .
Effects ofvasopressin
Fluid output. Treatment with vasopressin (group 6) had a significant effect (P < 0.05) on fluid output from the cauda epididymidis (Fig. 4a) . Vasopressin, unlike oxytocin, reduced fluid output, although this effect was not observed until 40 min after administration of the peptide. However, vasopressin had no significant effect upon either the total number or the concentration of spermatozoa collected from the cauda epididymidis (Fig. 4b) at any time after administration. Vasopressin produced no response in the animals in group 7, which were given 100 pg vasopressin and then challenged 30 min later with 100 pg oxytocin. However, after administration of oxytocin, statistically significant (all < 0.05) increases were observed in fluid output and in the total number of spermatozoa (Fig. 5) .
Inhibition of the effects ofoxytocin. In this study, the effects of oxytocin were antagonized by treatment with a specific oxytocin antagonist (group 5) and the results compared with those from animals that had received oxytocin alone (group 3). Since the earlier experiments revealed that there was a lag of at least 10 min between administration of the antagonist and the onset of any response, animals were given 300 pg of the antagonist 10 min before administration of oxytocin.
Two-way analysis of variance showed that there were significant differences among treatment groups and with time (both < 0.01). The spermatozoa discharged from the cauda epididymidis (Fig. 6) accompanied by increases in the volume of fluid and the number of spermatozoa transported from the cauda epididymidis. The time course of the effects of oxytocin on the flow of spermatozoa is similar to those described for changes in contractile activity of the ram epididymis (Knight, 1972 (Knight, , 1974 , in which the amplitude and frequency of contractions increased within 45 s of intravenous administration of oxytocin and lasted 20-70 min (Knight, 1974) . The results of the present study also show a similar time course to the effects of oxytocin on sperm transport through the ductus deferens (Ewy et al, 1963 Oxytocin treatment not only stimulated sperm transport, but also the effects of the peptide could be inhibited by initial treatment with a specific oxytocin antagonist (Manning et al, 1995) . Taken together, these findings indicate that oxytocin acts through its own cognate receptor in the epididymis. Oxytocin receptors have been identified using binding studies in the pig epididymis (Maggi et al, 1987) and localized to the epithelial and stromal tissue surrounding the epididymal ducts in primates (Einspanier and Ivell, 1997;  Frayne and Nicholson, 1998 (Debackere et al, 1961; Sharma and Hays, 1973) (Mann and Lutwak-Mann, 1981) that there is a constant basal flow of spermatozoa from the cauda epididymidis to the ductus deferens. The mouse epididymis shows slow rhythmic contractions in the absence of exogenous stimulation (Hib, 1974) . In the present study, treatment with an oxytocin antagonist produced a reduction in basal fluid flow and the number of spermatozoa and thus, presumably, contractility. Since a specific oxytocin antagonist can reduce the rate of flow of fluid in the epididymis, the possibility that oxytocin may also be involved in regulating basal sperm transport must be considered. Circulating peptide may have a role in this regulation, but local oxytocin is more likely to be involved. Oxytocin has been identified in the epididymis of sheep, rats and primates (Knickerbocker et al, 1988; Harris et al, 1996; Einspanier and Ivell, 1997) . Although Veermachaneni and Amann (1990) demonstrated that epithelial cells of the epididymis can take up oxytocin from tubular fluid, the presence of oxytocin in the rat epididymis after ligation of the efferent ducts (Harris et al, 1996) and recent data demonstrating the presence of both oxytocin and its associated neurophysin in the sheep epididymis (Assinder et al, 1998) , indicate that the peptide might be synthesized locally. The effects of oxytocin in the epididymis differ from those observed in the testis in which, although oxytocin stimulates contractility related to the stage of the spermatogenic cycle, it does not affect basal contractile activity (Harris and Nicholson, 1998a) .
The lack of effect of vasopressin on epididymal sperm transport was unexpected. However, since treatment with oxytocin after vasopressin administration produced the expected increase in sperm transport, the lack of effect is unlikely to be due to problems with the technique. Vasopressin stimulates contractile activity of the seminiferous tubules of rats (Harris and Nicholson, 1998b) and increases both seminal volume and sperm content in rabbits (Kihlstrom and Agmo, 1974) . In rats, vasopressin stimulates contractions of the caput and cauda epididymides while oxytocin has no effect (Jaakola and Talo, 1981) indicating that differences in the roles of the peptides may occur among species. Vasopressin also increases contractility of the ram epididymis, although a 20-fold greater dose of vasopressin was needed to produce the same effect as oxytocin (Knight, 1974) . Thus, it is possible that, if higher doses of vasopressin had been used in this study, an effect on sperm transport might have been observed. These data indicate that, if vasopressin affects epididymal contractility in the sheep, it acts via oxytocin receptors (Knight, 1974) . Although vasopressin binding sites have been described in the pig epididymis (Maggi et al, 1987) , there are no data available on their presence in other species. However, the physiological significance of vasopressin is unclear since, although oxytocin concentrations in the sheep epididymis increase with the onset of spermatogenesis (Assinder et al., 1998) 
